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ABSTRACT (Continue on reverse if necessary and identify by block number)
Oligomers of strained polycyclic cage monomers have been synthesized in an effort Lo prepare new candidate solid and liquid high energy'high density guesj6or 5 a;rbreathing missiles.
Titanium-promoted dimerization of pentacyclo [5.4 .0.0 ' .0 ' .0 ' ] undecan-8-one affords a mixture of dimeric alkenes. Electrophilic addition of trifluoroacetic acid to the mixture o f dimers thereby obtained has been studied. In the course of this work, new cage trifluoroacetates, alcohols, ketones, and hydrocarbons have been produced. Some structures have been determined by single crystal X-ray structural analysis. In addition, titaniumpromoted dimerization of 0-trishomocubanone has been utilized to synthesize a meso and a d,l dimeric alkene. All four of the hydrocarbon dimers are relatively nonvolat ie, highmelting solids whose densities lie in the range 1.269-1.302 g-cm One difficulty attendant with the use of both HCTD and PCUD as fuels is their volatility. Although they are both high-melting solids, both hydrocarbons sublime readily and can escape from the binder (e.g., HTPB) on long standing at ambient temperature. In an effort to minimize the volatility of these systems (and thereby improve their combustion and storage characteristics) without sacrificing other desirable fuel properties, we have undertaken the synthesis of dimers and higher molecular weight oligomers that contain HCTD or PCUD units. In Figure 1 , calculated heats of formation and densities of PCUO dimers are compared with the corresponding values for monomeric PCUO and for keto-derivatives of PCUD.
RESULTS AND DISCUSSION
Our synthesis of PCUD dimers (via dimerization of PCUD-8-one with low-valent titantium)1 2 is shown in Figure 2 . Parciularly noteworthy is the unusually high crystal density of the Jsyn PCUD dimer, i.e., 1.284 g-cm 3 (calculated from the X-ray data).
More recently, the remaining three isomers (i.e., 4b-4d) have been isolated by a combination of column chromatographic techniques and fractional recrystallization (see Experimental Section). Ultimately, we hope to obtain X-ray data that will permit unequivocal assignment of the structure of each of the three remaining PCUD dimers.
We have also synthesized mixtures of monomethyl-PCUD dimers ( Figure 6 ).
In response to the need for high-density liquid fuels, we undertook this synthesis in the hope that the product, a gross mixture of many isomeric dimers, might be either a low-melting solid or a dense liquid. The procedure shown in Figure 6 afforded a sticky, semi-solid material which gradually solidified on standing to afford a material with mp 100-110 "C. A sample of the mixture of isomeric dimers thereby obtained (ca. 25 grams) was submitted to personnel at Wright-Patterson AFB for further study.
Recently, we have undertaken a study of electrophilic additions to our PCUD dimers (individually and in the gross mixture of four dimers that results via titanium-promoted dimerization of PCUD-8-one). This was done for several reasons: First, we were interested in determining whether structural differences among the various dimers would lead to differences in reactivity The mixture of 5a and 5b was then subjected to hydrolysis with aqueous base, thereby affording a mixture of alcohols, 6a and 6b. The resulting mixture of alcohols was oxidized subsequently by using pyridinium chlorochromate (PCC) in methylene chloride solvent; the product was found to be a mixture of two isomeric ketones, 7a and 7b. This mixture of ketones was separated by flash column chromatography followed by fractional recrystallization. The structures oF 7a and 7b each have been established unequivocally by single crystal X-ray structural analysis, (Figures 9 and 10 , respectively).
Subsequently, we subjected the unreagted dimer (recovered from the above reaction; mixture of two isomers) with trifluoroacetic acid in refluxinq chloroform. Addition of trifluoroacetic acid to the C=C double bond in the mixture of dimers occurred under these conditions. Basic hydrolysis of the trifluoroacetate adduct followed by oxidation with PCC again afforded a mixture of two isomeric ketones (Figure 11 ). Efforts to characterize the individual ketones thereby obtained are underway at present.
Recently, we have studied the Wolff-Kishner reduction of isomerically pure ketones 7a and lb. Of particular interest is the fact that the hydrocarbons thereby obtained differ substantially in melting point. The product of Wolff-Kishner reduction of 7a (i.e., 8a) displays mp 114-115 *C, whereas the corresponding product obtained by Wolff-Kishner reduction of 7b (i.e., 8b) displays mp 74-75 'C. We have obtained the X-ray structure of 8a ( Figure 12) ; the crystal density of 8a was found to be 1.290 g-cm -3 .
As an extension of the forgoing study, we have prepared dimers of predicted by any of these methods to possess the same density. In particular, we note that whereas the Esy n and Zsy n isomers (i.e., 4a and 4b, respectively)
are "C-shaped," the corresponding Eanti and Zanti isomers (i.e., 4c and 4d, Acid Catalyzed Rearrangement of 4a. To a solution of 4a (1.8 g., 6.2 mmol) in chloroform (50 mL) was added trifluoroacetic acid (2.00 g, 17.5 mol).
The resulting solution immediately turned pink; after stirring at room temperature for 0.5 h, the color had darkened to purple. After stirring at room temperature for an additional 4 h, the reaction was quenched by addition 218.05 (s). The structure of 7b was established unequivocally via single crystal X-ray structural analysis (see Figure 10 ). Titantlum-promoted Dimerization of D 3 -Trishomocubanone (9). To a 100 mL three-neck round bottom flask was added dry THF (30 mL) under an argon atmosphere. The THF was cooled via applicaton of an external ice bath. To the cooled, stirred solvent was added titanium tetrachloride (2.02 g, 10.5 mmol) via syringe. To the resulting turbid yellow mixture was added powdered zinc (1.43 g, 21.8 mmol) portlonwise with stirring. After all of the zinc had been added, the cold bath was removed, and the mixture was heated and refluxed for I h. The mixture was then allowed to cool gradually to room temperature, whereupon pyridine (0.5 mL) was added followed by a solution of D 3 -trishomocubanone (7, 1.6 g, 10 mmol) in dry THF (10 mL). The resulting mixture was refluxed under argon for 24 h. The reaction mixture was then 13 allowed to cool slowly to ambient temperature. The reaction mixture was further cooled via application of an external ice bath, and the cooled solution was quenched via gradual addition of 10 percent aqueous potassium carbonate solution (ca. 50 mL, excess). The reaction mixture was transferred into a 500 mL conical flask that contained diethyl ether (200 mL). The resulting mixture was stirred vigorously for 10 minutes and then filtered.
The residue was washed thoroughly with ether (2 x 100 mL) and then discarded.
The layers in the filtrate were then separated, and the aqueous layer was extracted with ether (2 x 100 mL). The combined ether layers were washed sequentially with water (200 mL), 5 percent aqueous hydrochloric acid solution (2 x 100 mL), water (2 x 200 mL), and brine (100 mL). The organic layer was dried (anhydrous sodium sulfate) and filtered, and the filtrate was 
